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ABSTRACT:  Four cobalt (II) 3-chloro-ß-ketoamines, seven cobalt (II) ß-ketoamines and fifteen 2,2'-bipyridine and 
1,10-Phenanthrdine adducts were screened against thirteen organisms namely Bacillus subtilis  Bacillus cereus, 
Staphylococcus aureus, Pseudomonas flourescens, Pseudomonas auriginosa, Escherichia coli, Aeromonas spp, 
Flavobacterium spp, Salmonella spp and Streptococcus pyogens. The cobalt (II) ß-ketoamines were more effective 
than their cobalt (II) 3-chloro-ß-ketoamines analogs. The adducts all showed less antimicrobial activities than the 
parent, cobalt(II) ß-ketoamines and cobalt (II) 3-chloro ß-ketoamines, even though the cobalt (II) ß-ketoamines 
adducts, were more effective than their corresponding cobalt (II) 3-chloro-ß-ketoamine adducts. Antimicrobial 
activities in all cases, were related to the electron density on the coordinated cobalt atom. Thus, the lower the electron 
density on the coordinated cobalt atom in these ß-ketoamines, 3-chloro-ß-ketoamines and adducts the lower the 
antimicrobial activity. 
     The minimum inhibitory concentrations for cobalt (II) ß-ketoamines and adducts were between 1.25-3.95 mg/ml 
while that of cobalt(II) 3-chloro-ß-ketoamines and adducts were between 1.29-5.20mg/ml. 
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Introduction 
 
     The antimicrobial activities of some ketones and amines have been reported [1-4] Divalent ions, Zn, Fe, 
Ni, Ru and Os of tris-1,10-Phenanthroline, tris-2,2'-bipyridine and bis-2,2',2"-terpyridine, are known to 
inhibit acetylcholine-sterase in mice. [5]. 
     Antimicrobial activities of β-aminoketones and its phenyl substituted analogs were found to be functions 
of their structures and lipophobity (6,7). Furthermore, halogens (e.g Cl2) are strong disinfectants which kill 
bacteria through destruction of their cytoplasmic membrane (8). 
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     The objective of this work is to investigate the effect of chlorine substitution on the antimicrobial 
activities of the cobalt (II) β-ketoamines and its 2,2'-bipyridine and 1,10-Phenanthroline adducts. 
 
 

Materials and Methods 
 
     The complexes were prepared by dissolving 0.02moles of cobalt(II) acetate in 40% ethanolic solution, 
0.08 moles of aliphatic primary or 0.04moles of aliphatic diamines in ethanol was added dropwisely, 
followed by the addition of acetylacetone (AA-H) and 3-chloroacetylacetone (3ClAAH). 
     The adducts were prepared from these complexes by mixing 0.01 moles of the dry solid complex with 
o.o2 moles of the organic base. This was then introduced into warm chloroform while stirring for thirty 
minutes. The compounds were filtered and dried over silica gel (9-10). The compounds were analysed 
complexometrically with EDTA and their stoichiometric molecular formulae were given as follow,  
[Co(AA)2],  [Co(AA)2(MA) 2(H2O)2],  [Co(3ClAA)2(MA) 2],  [Co(AA)2(ETOHNH2 )2(H2O)], 
[Co(3ClAA)2(ETOHNH2)]2, [Co(AA)2(EDA)2(H2O)], [Co(3ClAA)2(EDA)2], [Co(AA)2(BA)2], 
[Co(3ClAA)2(BA)2], [Co(AA)2(1,6)], [Co(AA)2(1,8)(H2O)2], [Co(AA)2(MA) 2(bipy)3)], 
[Co(AA)2(MA) 2(Phen)3],  [Co(AA)2(ETOHNH2)2(bipy)4],  [Co(3ClAA)2(ETOHN2)2(bipy)2],  
[Co(AA)2(ETOHNH2)2(Phen)3],  [Co(3ClAA)2(ETOHNH2)2(Phen)4],  [Co(AA)2(EDA)2(Phen)3],  
[Co(AA)2(BA)2(bipy)2],  [Co(3ClAA)2(bipy)3],  [Co(3ClAA)2(BA)2(Phen)2],  [Co(AA)2(1,6)(bipy)],  
[Co(AA)2(1,6)2(Phen)2],  [Co(AA)2(1,8)(bipy)3],  [Co(AA)2(1,8)(Phen)] and [Co(AA)2(EDA)2(bipy)6]. 
A solution 10mg/ml each of the compound in methanol was used for the screening. 
 
Abbreviations used 
 
AA-  Acetylacetonate anion; 1,6  = 1,6-diaminoHexane; Phen  = 1,10-Phenanthroline; MA= Methylamine; 
EDA = Ethylenediamine; Bipy = 2,2'-bipyridine; 3Cl AA- = 3-chloroacetylacetonate anion; EtOHNH2 = 
Ethanolamine; EDTA = Ethylenediaminetetraacetic acid; BA = Butylamine; 1,8 = 1,8-diaminoOctane; Co = 
Cobalt 
 
Antimicrobial Assay: 
 
     The organisms used were identified laboratory strains of Bacillus subtilis, Bacillus cereus, 
Staphylococcus aureus, Pseudomonas flourescens, Pseudomonas aeuriginosa, Escherichia coli, 
Aeromonas spp, Flavobacterium spp, Samonella spp and Streptococcus pyogenes cultures supplied by Dr. 
O.E. Fagade of Botany and Microbiology. Department, University of Ibadan, Ibadan, Nigeria. 
     Antimicrobial susceptibility tests were performed using the agar diffusion technique. The surface of the 
Muller Hinton's agar in a petri dish was uniformly innoculated with 0.3ml of 18 hours old test bacteria 
cultures. 0.06ml of 10mg/ml concentration of each compound were added to 10mm well bore unto the agar. 
The plates were incubated at 37°C for 24 hours after which inhibitory zones were observed in millimetres 
(mm) as a measure of the antimicrobial activity. 
     The lowest concentration of each metal complex that inhibited growth of test bacteria was taken as the 
minimum inhibitory concentration (MIC). 
 
 
 

Results and Discussion 
 
     All the cobalt (II) β-ketoamines derived from monoamines namely [Co(AA)2(MA) 2(H2O)2], 
[Co(AA)2(EDA)2(H2O)], [Co(AA)2(ETOHNH2)2(H2O)2] and [Co(AA)2(BA)] were effective against the 
thirteen organisms used with inhibitory zone diameters, 16-26mm, 16-24mm, 12-27mm and 12-30mm 
respectively. On the introduction of chloro substituent to these complexes, forming, [Co(3ClAA)2(MA) 2], 
[Co(3ClAA)2(EDA)2], [Co(3ClAA)2(ETOHNH2 )2] and [Co(3ClAA)2(BA)2]. The antimicrobial activities 
were reduced, with activity against eleven-twelve organisms with inhibitory zone diametres 9-30mm, 11-
28mm, 12-25mm and 15-31mm (Table 1). 
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Table 2  Minimum inhibitory concentrations (mg/ml) of the cobalt (II) β-ketoamines and their adducts 
against Streptococcus pyogenes 
 

 Compounds Concentration (mg/ml) 

1 Co(AA)2 2.68 
2 Co(AA)2(MA) 2(H2O)2 1.26 
3 Co(3ClAA)2(MA) 2 2.53 
4 Co(AA)2(EDA)2(H2O) 1.30 
5 Co(3ClAA)2(EDA)2 2.80 
6 Co(AA)2(ETOHNH)2(H2O)2 1.28 
7 Co(3ClAA)2(ETONH2)2 2.50 
8 Co(AA)2(BA)2 1.26 
9 Co(3ClAA)2(BA)2 1.50 
10 Co(AA)2(1,6) 3.95 
11 Co(AA)2(1,8)(H2O)2 1.31 
12 Co(AA)2(MA) 2(bipy)3 1.26 
13. Co(AA)2(MA) 2(phen)3 1.25 
14 Co(AA)2(EDA)2(bipy)6 2.85 
15 Co(AA)2(EDA)2(Phen)3 1.25 
16 Co(AA)2(ETOHNH2)2(bipy)4 1.29 
17 Co(3ClAA)2(ETOHNH2)2(bipy)2 5.20 
18 Co(AA)2(ETOHNH2)2(Phen)3 1.31 
19 Co(3ClAA)2(ETOHNH2 )2(Phen)4 1.68 
20 Co(AA)2(BA)2(bipy)2 2.50 
21 Co(3ClAA)2(BA)2(bipy)3 5.00 
22 Co(3ClAA)2(BA)2(Phen)2 1.29 
23 Co(AA)2(1,6)(bipy) 2.80 
24 Co(AA)2(1,6)2(Phen)2 2.50 
25 Co(AA)2(1,8)(bipy)2 1.25 
26 Co(AA)2(1,8)(Phen) 1.65 

 
KEY:  BP3 = Streptococcus pyogenes; AA- = Acetylacetonate anion; 3ClAAA- = 3-Cloroacetylacetonate anion; 
EtOHNH2 = Ethanolamine; MA = Methylamine; EDA = Ethylene diamine; BA = Buthylamine; 1,6 = 1,6-
diaminoHexane; 1,8 = 1,8-diaminoOctane; bipy = 2,2'-bipyridine; Phen = 1,10-Phenanthroline 
 
 
 
     The complexes [Co(AA)2(MA)2(H2O)2] and [Co(3ClAA)2(MA)2] had the same activity against 
Aeromonas spp and Pseudomonas aeuriginosa comparative activity against Flavobacterium spp and 
Samonella spp but different activity against Bacillus cereus, Bacillus subtilis, Escherichia coli, Aeromonas 
spp and Pseudomonas fluorescens (Table 1). Similarly, the complexes [Co(3ClAA)2(AA)(EDA)2] and 
[Co(AA)2(EDA)2(H2O)] had the same activity against Escherichia coli, Aeromonas spp and Streptococcus 
pyogenes, comparative activity against Samonella spp, Pseudomonas aeruginosa, but different activity 
against the remaining organisms. (Table 1). The complexes [Co(AA)2(ETOHNH2)2(H2O)2 and 
[Co(3ClAA)2(ETOHNH2)2] also had same activity against Bacillus cereus, Salmonella spp and 
Pseudomonas aeruginosa, comparative activity against Flavobacterium spp and Streptococcus pyogenes 
but different activity against the rest of the organisms (Table 1). Furthermore the complexes 
[Co(AA)2(BA)2] and [Co(3ClAA)2(BA)] both had the same activity against Bacillus subtilis, Aeromonas 
spp and Pseudomonas aeuriginosa, comparative activity against Bacillus cereus, Salmonella spp and 
Escherichia coli but different activity towards the remaining organisms Flavobacterium spp, Aeromonas 
spp, Escherichia coli, Pseudomonas flourescens and Staphylococcus aureus (Table 1). This was attributed 
to the +1 inductive effect of the Chlorine which reduces the net electron on the coordinated Cobalt (12). 
Thus, the greater the net electron, the greater the antimicrobial activity. The introduction of strong Lewis 
base 2,2'-bipy and 1,10-Phen to parents, Cobalt(II) β-ketoamine and Cobalt(II)-3-Chloro-β-ketoamine, 
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resulted in adducts with lower antimicrobial activities. This was attributed to the +1 inductive effect of the 
bi-phenyl rings of the 2,2'-bipyridine molecules and the tri-phenyl rings of the 1,10-phenanthroline 
molecules respectively which outweighs the +M mesomeric effect of the lone pair of electrons on their 
coordinated Nitrogen atoms (-12). Thus, the net electron on their coordinated cobalt atom was lower than 
that of the parents. 
     In all cases, the phenanthroline adducts were more effective than the bipyridine adducts due to 
hyperconjugation (12) with the exception of [Co(3ClAA)2(BA)2(Phen)2 whose very low activity was 
probably due to resistance from the organisms used, which pumps out the compound as soon as it entered 
their all membrane. (11). 
 
Conclusion 
 
     This work showed that the introduction of 3-chloro-substituent on cobalt (II) β-ketoamine and adducts, 
reduced their antimicrobial activities drastically, due to the ability of this group to reduce the net electron on 
the coordinated cobalt atom. through +1 inductive effect. Thus, the higher the net electron on the 
coordinated cobalt in cobalt(II) β-ketoamines and its adducts, the higher the antimicrobial activity. 
 
     The minimum inhibitory concentrations of the cobalt (II)β-ketoamine and adducts were between 1.25-
3.95mg/ml while that of cobalt (II) 3-chloro-β-ketoamines and adducts were between 1.29-5.20mg/ml 
(Table 2). 
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